Botanicals have been the source for several classes of pesticides for mosquitoes. However, increasing resistance to these products and reduced numbers of choices necessitate the search for new active ingredients. Ageratina altissima (L.) King & H. Rob. or white snakeroot, is found throughout the eastern United States and contains known toxic compounds. We examine chromenes (benzopyrans) and benzofurans isolated from this plant for larvicidal and adulticidal activity against the dengue vector Aedes aegypti L. Initial activity identified several compounds that were effective against either larvae or adults. Interestingly, only two compounds were effective against both larva and adults. Dose curves were constructed from further testing of these active compounds to allow comparative ranking of efficacy. We identified dehydrotremetone as the most effective larvicide (0.03 ± 0.001 ng/µL) and 6-acetyl-7-methoxy-2,2-dimethylchromene as the most effective adulticide (1.17 ± 0.31 µg/org) although other compounds were also active. This study provides additional useful data for evaluation of chromenes and benzofurans as possible mosquiticidal agents.
The loss of public health insecticides due to lapsed registration, the expense of re-registration, or environmental concerns have reduced the compounds available for control of mosquitoes to only four pesticide classes. Serious concerns about persistence and non-target effects limit the use of organophosphates and carbamates, while the widely used pyrethroids suffer from widespread and increasing resistance in populations of disease vectoring mosquitoes, like Aedes aegypti L. [1] . Thus, the search for new pesticidal compounds with alternate modes of action is critical to maintain the gains that have been made against vectored diseases. The numerous semiochemicals produced by plants to reduce arthropod damage are a source of potential new activities.
The Asteraceae are a diverse family of flowering plants that produce a variety of insecticidal chemicals including sterols, coumarins, and chromenes. These chemicals variously act as antifeedants, allatostatins, repellents or toxins. Pyrethrins, from the crysanthemum Tanacetum cinerariifolium (Trevir.) Schultz Bip., led to the widely used insecticidal synthetic pyrethroids which are the primary class used for mosquito control.
Various benzopyrans (chromenes) and benzofurans are produced by many plants of the Asteraceae. They exhibit a range of insecticidal activity based on various different chemical constituents. These two classes of compounds have been an active area of pesticide research for over 30 years [2, 3] and have demonstrated efficacy and repellency against termites and mosquitoes [4, 5, 6] . [7, 8] .
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The presence of a mixture of toxic constituents was identified [9] and then a later isolation method identified a number of individual chromene and benzofuran components [10] . Precocene II (6, 7-dimethoxy-2,2-dimethyl chromene) is similar to these isolated compounds and had previously shown developmental effects against the yellow fever and dengue vector mosquito [5] . This spurred us to investigate the entire suite of recently isolated white snakeroot compounds for insecticidal activity against larval and adult Ae. aegypti.
Adult topical bioassays with 3-6 day post-emergence female Ae. aegypti indicated a range of activities ( Table 1 ). The compounds that dissolved in ethanol were notably less active than those that dissolved in DMSO. Compounds that dissolved in DMSO showed mortality of 70-100% while the negative controls resulted in 0% mortality. Compound 6 was the most active with 100% mortality at the test dose in all three repetitions. Compounds 4, 8, 9, and 10 produced mortality of 90% or more while 1, 3, and 7 were slightly less effective. No correlation was observed between calculated LogP values and activity. Further testing was undertaken to determine LD 50 values for 4, 6, 8, and 9 with newly dissolved samples ( Table  2) . Compounds 6 and 9 were the most effective with LD 50 s of about 1-1.5g/org. Compounds 4 and 8 were less effective.
Initial larval activity testing indicated a range of efficacy against first instar Ae. aegypti (Table 3) . Compound 11 was not tested because sufficient product was not available. Most of the tested compounds produced complete mortality at the highest dose of 1g/L with the exception of 5. Compounds 1, 2, 3, 4, 9, and 10 all resulted in greater than 90% mortality even at 0.1 g/L while activity in the other compounds titered off quickly. Control mortality in these experiments was 0% for solvent only wells and 100% in permethrin treated wells. We undertook further testing with compounds 1, 2, 4, and 9 to determine LC 50 values (Table 4) . In contrast to the adult bioassay, compound 4 was the most effective as a larvicide. Compounds 9, 2, and 1 were less effective against larva with LC 50 s of 0.18, 0.26, and 0.44 ng/L respectively.
When examining the bioassay results in light of structural characteristics, we observe a couple of commonalities that may be useful for further work with derivatives of these natural isolates. Larvicidal activity of all the benzofurans was relatively high with the exception of 5 which contains a large oxyangeloyl group. Compound 9, a chromene, was the second most effective larvicide and has an additional carbon attached to the benzene core structure. Additionally, when comparing compounds 9 and 10, the presence of a hydrogen, hydroxyl or methoxy group on the benzene ring does not appear to effect activity significantly. Had sufficient material been available, LC 50 for compounds 3 and 10 would have been determined to see if they support these observations. Conclusions on the relationship between possibly critical structures and adulticidal efficacy are more difficult to define from this data set but clearly, several effective compounds are present in Ageratina altissima. We also noted that all the tested compounds were relatively hydrophobic based on calculated LogP values. However we did not observe any correlation with adult or larval activity (Tables 1 and 3) .
Results shown here support and extend the work of others who have identified a variety of Asteraceae produced chromenes and benzofurans that are effective against arthropods [4, 17, 18] . The natural compounds examined here are a couple of orders of magnitude less active than commonly used synthetic pyrethroids and have some mammalian toxicity at higher doses [7, 8] . But, the inherent value of new modes of action in a landscape of increasing resistance to public health pesticides warrant further studies with these chemical classes. Further studies may mirror the development of the pyrethrins which dramatically improved in efficacy as synthetic analogues were developed.
Experimental
General: Compounds used in this study were isolated as described previously [10, 11] . Structures are shown in Figure 1 . Compound 3 was a gift from Russell Molyneux [12] . Compound 5 was isolated from rayless goldenrod, although it is found in white snakeroot but in very low amounts [11] . Permethrin was purchased from Chemservice (Westchester, PA, USA). Stock solutions were made in DMSO or ethanol (Table 1) to 100g/l. Gentle heating was necessary to get some compounds to dissolve completely. Further dilutions of stocks were made gravimetrically in acetone to ensure accurate determination of concentration as acetone is volatile and difficult to pipette accurately.
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Mosquito strain: Mosquitoes for these studies were from the pesticide susceptible "Orlando" strain of Ae. aegypti. This strain has been in continuous laboratory colony since collection near Orlando, FL in 1952. Rearing from eggs is standardized with resulting females weighing 2.3 ± 0.3mg [13] . The toxicological profile of this strain has been established for numerous classes of insecticides [14] .
Mosquito Bioassays: Adult and larval bioassays were conducted as described previously [15, 16] . Initial adult screening was performed at 5g/l on three to six day post-emergence females. LD 50 determinations for active compounds used additional dilutions from stock solutions. Larvicidal testing was conducted on first instar larvae at four initial concentrations (see Table 3 ). LC 50 determination was performed using additional concentrations of compounds that were active and for which sufficient product was available. At least three repetitions were conducted for all assays and included solvent only negative controls and permethrin containing positive controls.
